Abstract
Introduction
Over the past decade, optogenetic stimulation has had a remarkable impact on neuroscience research as it permits millisecond precision manipulation of genetically-targeted neural populations 1, 2, 3 . However, harnessing the full tained in the motor cortex and in the striatum of both free-moving and head restrained mice 21 , as well as in the Frontal Eye Field of non-human primates 23 . TFs also allowed for site selective light delivery in the striatum to control specific locomotion behavior, on the base of different modal subsets injected into the fiber to illuminate ventral or dorsal striatum using only one and minimally invasive implant 21 . However, to the best of our knowledge, no studies directly link the modal subsets guided into the fiber with the light delivery geometry from a tapered optical fiber for optogenetics applications, and no direct assessment of TFs site-selective light-delivery performances at longer wavelengths has been reported, a crucial aspect for using this technology with a broad set of opsins [24] [25] [26] .
Building 
where λ is the propagating wavelength, each mode that does not fulfill this constraint is 
As a direct consequence, fibers with higher core size and higher NA can sustain a larger Although the number of guided modes decreases as soon as the waveguide narrows ( Figure 1c ) and relation (2) is broken just after the taper entrance for modes with high k t (figure 1a), light emission starts to be appre- 
Linear control of TFs emission regions
As previously demonstrated, the light emitting portion of TFs can be dynamically controlled by remotely adjusting the light input angle 21 . In fact, coupling light into TFs with an angle-selective launching system selects well-defined subsets of bounded modes that propagate into the optical fiber, which are then out-coupled at different taper sections 21 .
In the following the relationship between the input angle and the out-coupling position along the taper is estimated.
To this purpose the light redirection system displayed in Figure 2a 
Discussion
Delivering light in a controlled fashion is re- 
Materials and methods

Emission properties characterization Data acquisition
The emission properties of the devices were 
Injected k t measurements
The value of the transversal propagation con- 
For each input angle, the k t at which the maximum signal is detected and the halfprominence width of the peak were extracted from the disk-or ring-shaped images recorded by the sCMOS sensor.
Ray tracing simulations
Ray tracing simulations were performed with the commercial optical ray tracing software As light is out-coupled from a wider region when the input angle increases, the input power has to be varied accordingly to maintain a constant output power density. Light is injected into the fiber with an aspheric NA=0.61 lens (f1=32 mm). Light emitted from the fiber is collected with a 40x objective (f2=4.5 mm) and relayed on a sCMOS chip with an achromatic doublet, f3=40 mm, and a 50 mm, f4=100 mm lens.
Supplementary figure 2: Definition of the First Emission Diameter
The First Emission Diameter is defined as the waveguide diameter at the taper section at which light intensity recorded by the sCMOS sensor (blue curve) fall below half of the value indicated by 
